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INTRODUCTION 
 
Motivation 
 
The motivation for this project stems from the constant problem of trying to align trusses with 
bowed boards at a truss plant without having the proper tool. Often times, two trusses must be 
nailed together, one on top of the other, and the bottom edge of both trusses much match up 
perfectly. There have been countless attempts at finding a way to do this effectively, and all have 
failed to work with any real efficiency. Being unable to align the bottoms of both trusses often 
times requires a replacement of the whole board, and being able to avoid this would save a 
significant amount of company time and money. 
 
Function Statements 
 
The main functions of this device will be to horizontally bend and align the bottom edge of two 
offset stacked trusses while pulling the faces of both boards flat against one another. 
 
Requirements 
 
The requirements for this device are: 
 
 Must be able to horizontally align a five foot or longer section of the bottom chord of two 
stacked trusses that are offset by up to 1 inch 
 Must be able to simultaneously pull the faces of both trusses together that have a vertical 
gap of up to 0.5 inches  
 Must work with a truss consisting of a 2x6 bottom chord, and a 2x4 top chord 
 Use of this device must result in a final horizontal offset of less than 1/16 of an inch 
 Handle must not extend more than 16 inches outward 
 Handle cannot exceed 30 degrees of rotation in order to transmit full force 
 Must weigh less than 20 pounds 
 Must cost less than $200 to produce 
 Contact pads cannot be more than 1.25 inches in vertical width 
 Contact pads must be able to pivot vertically up to 30 degrees in either direction 
 The initial position of the handle must be within 10 degrees of parallel to the ground 
 Must be able to be operated by a single person, with less than 100 lbs of input force (50% 
of average employee's body weight directed downward) 
 Must be able to withstand regular drops of up to 15 feet without breaking or permanently 
deforming 
 Design, construction, and testing must be completed in the time frame given 
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 The face of each contact point must be designed so that 100% of the force applied to each 
board will be transmitted without slippage 
 
 
Scope of Effort 
 
The scope of this project will include designing, building, and testing the entire tool, which will 
include several components. While this device will require the design and construction of many 
individual parts, they will all end up in one complete tool. Because the specific dimensions of 
each part relies so heavily on that of the other parts in the assembly, optimizing this tool will 
require constantly redesigning each part, and having multiple people doing this would only make 
this process more complicated and lengthy.  
 
 
Success Criteria/ Scenario 
 
 This product was designed in order to allow two misaligned trusses to be easily realigned, 
so that they can be nailed together in five foot sections. The major design requirements that this 
tool requires is that it will align a five foot or longer sections by up to one inch horizontally and 
up to a half of an inch vertically on a typical truss. This device will be successful, because while 
doing this specific task, it is optimized so that a relative low downward force of less than 100 lbs 
will be applied to the handle, and the resulting clamping force output by the tool will be in an 
inwards direction, with both horizontal and vertical components. The ultimate success of this 
device will result in an increased rate of production, saving the company both time and money. 
When a truss is built, and comes out of production with a misalignment as extreme as the one 
that this tool has been designed for, it is usually impossible to fix the problem without 
dissembling and repairing an entire portion of the truss. When a truss has to be repaired like this, 
it results in a complete halt of production while it is being fixed, which takes an average of 
fifteen minutes. Given the average amount of employees that must stop producing products, the 
hourly wage of eleven dollars per hour,  and the cost of materials, this type of mistake costs the 
company an average of $50 per occurrence. On a “good” week this may only happen three or 
four times, which equates to a minimum of $8,000 per year that is wasted on this single problem. 
This tool, given a budget of only $200, aims to reduce the costs associated with this problem to 
nothing more than the price of the tool itself. 
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METHODS AND DESIGN 
 
 
 
Engineering Merit 
 
First off, the force needed to bend the boards the meet the requirements must be evaluated. One 
place to start is to examine the internal forces using the equations for equilibrium, and come up 
with a list of formulas that will help determine the force needed to deform the boards a certain 
amount, such as 𝑉𝑎 =
𝑃𝐿3
3𝐸𝐼𝑦
. 
 
Next, the tool itself can be designed. This design will include several individual parts working 
together. The general shape of the tool, such as the approximant length or placement of each part 
can be found first. Using static analysis will give the values and directions for the input and 
output forces in the tool. Next, specific dimensions and materials for each part can be calculated 
using equations for stress such as 𝜎 =
𝑃
𝐴
, and 𝜎 =
𝑀𝑐
𝐼
. 
 
Once the tool design is complete, it can be constructed. This process could include welding, 
machining within tolerance, and the assembly of all the parts. After construction, nondestructive 
testing methods, such as measuring the force input when used to align a set of trusses will be 
used to evaluate the part and ensure that it meets the design requirements.  
 
Benchmark 
 
While there are no commercially available tools that are designed for this specific task, many 
attempts at a homemade device have been made at Phoenix Truss Corp. The most functional 
design so far has been a simple lever consisting of two pieces of 1/8" metal bars held together by 
a bolt (Figure 1). While this tool works in some scenarios where the misalignment is very small, 
it is inefficient, difficult to use, and constantly bends out of shape.    
 
 Figure 1 
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Optimization 
 
The most prevalent issues with this design include a low transmission of applied force and often 
requires several people in order to do a small amount of work. One of the main issues arises from 
the horizontal direction of the input force, which creates a gap between the boards as well as 
causes the pair of trusses to slide together in the same direction, rather than opposite directions 
relative to each other. The focus of this project is to completely redesign this tool without these 
problems, in order to be more efficient and useful in doing the job that it is designed for. 
 
Proposed Solution 
 
The solution to this problem will be to design a new tool specific to this task. This tool will take 
a downward force input by the user and translate that into a horizontal clamping force on the 
trusses. Using a downward input force will eliminate the problem of moving the two trusses as a 
whole in the same direction. 
 
Design Description 
 
Figure 2 below includes a render of the final design, which includes each part in the final 
assembly, and shows how the tool will work when applied to a set of trusses. The tool will 
consist of two contact pads, which will provide a wide surface area between the boards and the 
tool, which will increase friction and reduce the indentation that the tool will leave in the wood. 
The inner contact pad will be attached to the connecting bar, and the outer contact pad will be 
attached to the frame. While the inner contact pad attached to the connecting bar will pull the top 
board outward and down, the contact pad on the frame will push the bottom board in the opposite 
direction. The surface of each contact pad will be coated in bed liner in order to increase friction 
and prevent sliding, and the handle will include a rubber grip. Clevis pins will be used to attach 
moving counterparts to allow for pivoting over the range of motion of the handle. 
  
Figure 2 
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Schedule 
 
Appendix E contains the full schedule for this project in the form of a Gantt chart. The tasks that 
have already been completed are accurate, as they were adjusted after each was done. The future 
tasks are tentative and subject to change, but give a general idea of the things that will be done 
during the rest of the project, and will be adjusted as they are finished. Milestones are indicated 
by a diamond, and include the completion of the analysis, completion of the documentation, 
submission of the complete proposal, the critical design review. Future milestones include the 
day that the parts all arrive, the manufacturing plan review, the completion of construction, and 
the final report submission. 
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ANALYSIS 
 
Approach and Plan for Analysis 
 
Before any significant design can go into the tool itself, the material strength and overall design 
of the trusses that it will be used on must be analyzed. First, the force needed to deform the 
individual components of the truss will be calculated using the specific material properties and 
dimensions of the supplied lumber. 
 
Next, the truss as a whole must be analyzed, which includes both a top and bottom chord, 
connected via a network of internal webs. Due to the relatively low degree of precision required 
when aligning these trusses (1/16"), the compression and elongation of the internal webs and the 
deformation of the connecting plates are negligible, and therefore will be considered rigid for the 
purposes of this analysis. This means that in when deformation occurs in the bottom chord, the 
top chord is simultaneously deformed in the same direction. Therefore, the force applied by the 
tool must overcome both of these resistive forces. Because the trusses move relative each other, 
the bottom truss is assumed to be stationary for the purposes of this analysis.   
 
At this stage of the analysis, it is important to recognize that there is a typical set of standards 
used when designing a truss that requires two or more plies (layers of stacked trusses secured 
together via nails). These standards, as outlined by the company engineers, include a maximum 
pitch of 6/12, and board sizes of either 2x4 or 2x6 for the bottom chord and 2"x4" for the top 
chord. In special circumstances, the truss design deviate from these standards, and wider boards 
will be used, but in these cases much more consideration is put into choosing the lumber, and 
misalignment rarely occurs. 
 
After establishing the forced required in order to meet the design requirements, the geometry of 
the tool itself must be designed, and the materials must be chosen. This includes the design of the 
contact pads, the connecting bar, and the handle assembly. The first component that will be 
designed is the connecting bar, as this is where all of the force will be transmitted between 
trusses, and therefore will affect the design of the rest of the tool. Certain elements of the inside 
contact pad must be designed at the same time, as its size and shape will affect the placement and 
design of the connecting bar where they join. Next, the handle assembly can be designed, which 
includes both the frame and the handle. While the specific design of the handle can be dealt with 
later, its overall length and angle relative to the frame must be taken into account when analyzing 
the dimensions of the frame. The last integral part of the assembly that must be designed is the 
outside contact pad, which transmits the inward and upward force from the frame to the wood. 
Finally, the specific dimensions and material of the handle can be specified. 
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Description of Analyses 
 
The first analysis will be of the forces needed to bend the wood in order to meet the design 
requirements. When trusses are being designed, they all follow a certain set of standards. These 
standards mean that while the designs do vary and have some flexibility, they all must fall into a 
range of size, weight, and strength requirements. When analyzing the forces needed to bend the 
bottom chord of a truss, other factors, such as the top chord, as well as the forces of the 
connecting webs must also be factored in. Next, the geometry of the design must be optimized 
for the transmission of the necessary torque. Next, the exact shape, thickness, and size of each 
piece must be calculated in order to conform to the strengths laid out in the design specifications. 
Each piece must also be optimized for weight. 
 
 
Analyses 
 
Part 1: Truss Analysis (Appendix A-1) 
 
First, the required output force of the tool in order to achieve the maximum realignment of 1" 
horizontally and 0.5" vertically in five foot sections must be calculated. Given that the trusses are 
aligned and re-secured in sections of five or more feet, they can be analyzed as cantilevers, and 
because each truss moves relative to the other, and in opposite directions, the bottom truss will 
act as a stationary object for the purposes of analysis. As previously stated, the truss as a whole 
needs to be taken into account, as the top chord of the truss is connected to the bottom chord via 
rigid internal webs, which means that the top and bottom chords will be deformed 
simultaneously. The boards used in standard 2-ply truss design includes a 2x6 (1.5" x 5.5" 
actual) bottom chord and a 2x4 (1.5" x 3.5" actual) top chord. The steepest roof pitch used for 
typical truss design is 6/12, so this will be used to calculate the relative length, angle, and 
transmission of force between the top and bottom chords. Grade 1800 Fb Douglas Fir wood is 
used for top and bottom chords, which has a Modulus of Elasticity of 1.6 x 10
6
 psi. 
 
Given these parameters, a normal force of 463 lbs is required in order to bend a 2x6 bottom 
chord (Appendix A-1a), and a force of 104 lbs in the same direction is needed in order to 
deform an equivalent section of the 2x4 top chord (Appendix A-1b). Combining these forces 
gives the total horizontal force needed to align the trusses, which is equal to 567 lbs (Appendix 
A-1c).  
 
The values calculated above only give horizontal components of the output forces required by 
the tool, so the vertical force must also be calculated in order to bring the trusses flat against each 
other. Because this bending is done along an axis with a much smaller height, the tool will only 
be required to output 52 lbs of vertical force (Appendix A-1d). 
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Part 2: Connecting Bar (Appendix A-2) 
 
Now that the vertical and horizontal output forces needed by the tool are known, the tool itself 
can be designed. The first part to be designed will be the connecting bar. In order to calculate the 
shape of this part, it will first be designed as a single, solid piece, as it will transmit the same 
force in the same direction as it will after it is broken into two pieces. 
 
First, the total pulling force that must be transmitted through the connecting bar can be calculated 
using the required horizontal and vertical output forces of 567 lbs and 52 lbs, respectively. Using 
these values, the total pulling force required by the connecting bar is 597 lbs at a 5.24 degree 
downward angle. The angle was then changed to 5 degrees for the ease of future calculations, the 
friction force between the boards was added, and the final resulting force needed by the 
connecting bar was calculated to be 629 lbs at a 5 degree downward angle (Appendix A-2a). 
 
It is at this point that the design of each part becomes reliant on the rest of the parts in the 
assembly, so the order of documentation starts to jump around. Before the connecting bar can be 
designed, the general dimensions for the contact pads must be designed, as that will define where 
the connecting bar will be located in relation to the boards (Appendix A-3a). The specifics of 
this design will be discussed in the next section. 
 
After the contact pads have been designed, the connecting bar can be designed. The first step in 
this design is to determine the final position of the connecting bar, after the trusses have been 
aligned (Appendix A-2b). The design requirements dictate that the bar cannot come within 0.25 
inches of the outside edge of the top board, so a width of 0.75 inches was chosen for the bar 
width. Finally, the lengths and relative angles for each section of the connecting bar were 
designed (Appendix A-2b).  
 
Finally, the width and material for the connecting bar must be specified. Knowing that the 
maximum stress is going to be caused by bending, the moments about each point where a change 
in geometry occurs were found (Appendix A-2c). Since none of the moments combined to 
create a large bending moment in the middle of any section, the maximum stress will be where 
the maximum moment is, which was calculated to be 1168 in-lb at point 3 (furthest bottom left 
angle). Using this information and a safety factor of 1.25 to accommodate rough usage in the 
field, the maximum stress in the connecting bar was calculated to be 51.15 ksi, which was lower 
than the yield strength of 1018 cold rolled steel, so a sheet metal thickness of 3/16” was chosen. 
 
Finally, the connecting bar was broken into two separate pieces so that it could be connected to 
the handle assembly with a pin. Appendix A-2d shows that the welding design will provide 
more than enough strength for this application, and a 7018 steel electrode was chosen to be used. 
 
Part 3: Contact Pad (Appendix A-3) 
 
As mentioned above, the general shape of the contact pad was the first thing to be designed 
(Appendix A-3a). Since the shape of the contact pads are known, the next thing to be designed 
is the diameter of the clevis pin that will be used to connect the two parts together, which will 
determine the size of the hole in the contact pad. Using the strength properties of grade 5 steel, 
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which is readily available, the minimum diameter for the clevis pin was found to be 0.119 
inches, which was increased to 3/16” for standardization (Appendix A-3b). Finally, using 
strength properties of AISI 1018 steel, the minimum width of each contact pad upright was 
calculated to be only 0.0012 inches, which was increased to 1/8” (standard steel plate width) 
(Appendix A-3a). 
 
The contact pad assembly was then analyzed for the strength of the welds using a 7018 steel 
electrode, and the weld design was found to be sufficient for this application (Appendix A-3c). 
 
Part 4: Frame 
 
The lengths and relative angles associated with the frame in its final position were calculated and 
optimized next using geometry (Appendix A-4a). Note that the length associated with the handle 
is included here, which is necessary for the force calculations. Using these dimensions, the final 
required input force was calculated to be 61 lbs directed straight down (Appendix A-4b). 
 
Stress analysis was then done on the frame in order to be sure that the material and dimensions of 
the product were sufficient (Figure A-4c). The analysis was done using 1018 cold rolled steel 
plate material, and the nominal plate thickness of 3/16”. This resulted in a maximum bending 
stress of 52.4 ksi, which was less than the yield strength of 1018 steel. 
 
 
Part 5: Handle 
 
The last part to be designed is the handle. Since the overall length was already determined when 
designing the frame (Appendix A-4a), now only the size and material of the tube is needed. An 
outer diameter of 1.5 inches was chosen as a starting point, as that is large enough to be used 
comfortably and is not too bulky. Using the material properties of AISI 1018 steel and 
dimensions of a standard 16 gauge pipe (wall thickness of 0.065”),  the maximum bending stress 
in the handle was calculated to be only 7.4 ksi, which was well below the allowable stress of 
35.8 ksi (Appendix A-4b). 
 
Lastly, weld analysis was done on the handle in order to be sure that the design will hold up 
under the applied stress (Appendix A-5a). Using the combined shear and bending forces applied 
to the weld, a minimum leg size was found to be 0.011”, which was increased to a standard size 
of 1/8”.  
 
Documentation 
 
The documentation for this project is located in Appendix B, and includes the drawing tree, final 
assembly drawing, and the drawings for each individual piece that is to be made. The first item is 
the drawing tree, which shows how each individual piece is related. Going from the bottom up, 
the drawing tree shows which parts will be constructed first and in what order they will be 
assembled. At the top of the tree, the final assembly will consist of the connecting bar assembly 
and the frame assembly. The frame assembly consists of one contact pad sub assembly, the 
frame, and the handle. The connecting bar sub-assembly will consist of both the inner and outer 
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connecting bars, as well as a contact pad sub assembly. Following the drawing tree, a Solidworks 
rendering shows a 3D image of what the tool will look like after it is built. Each drawing 
represents one individual piece that will be constructed, including all relevant dimensions and 
tolerances. The first drawing in appendix B is of the final assembly. This shows how each part 
will fit together in order to make the complete tool. Drawing 1 is of the contact pad upright, 
which will be the first part to be built. Drawing 2 is of the contact pad base, which will be 
machined next. The drawing tree shows that these two pieces will become part of the contact pad 
sub-assembly, which will be connected to both the frame and the connecting bar by a pin. There 
will be a total of two contact pad sub-assemblies built, each consisting of one contact pad base, 
and two contact pad uprights. Drawing 5 shows the design of the frame, which will be built next. 
Drawing 6 represents the handle. The handle is part of the frame sub-assembly, and will be 
welded to the frame itself. Finally, the connecting bar sub-assembly will be built. This sub-
assembly will consist of one inner connecting bar piece, and two outer pieces to be welded on 
each side. 
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CONSTRUCTION 
 
Budget 
 
The total allowed budget, as listed in the design requirements is $200. Appendix C contains the 
complete budget, which includes both the materials for construction as well as testing. As of now 
there is no expected cost of labor involved, so the total cost of this project will only be that of the 
materials. The materials needed for the tool itself are listed first. 1/8” 1018 steel plate will be 
used to cut the frame, connecting bar, and contact pads from. The handle will be cut from 1.5” 16 
gauge 1018 steel tubing, and fitted with a rubber grip. Next are listed the materials needed to 
build the testing jig, which will represent a portion of a full size truss. This jig will include a 2x6 
bottom chord and 2x4 top chords and webs, which will be built using metal connecting plates, 
and nailed together. 
 
Process of Construction 
 
After the design for all parts of the assembly have been completed, the construction of each 
individual part can begin. The majority of this design involves geometry that cannot be 
accurately cut by hand, and will require the use of a plasma cutter to produce. The rubber grip 
will be bought to work with the design of the handle, as there is no readily available way to 
create one, and the specific design of the grip is not a major factor in the performance of the 
device. The pins will be bought and tested for strength at a hardware store to allow for easy 
replacement if damaged. Several of the components will require the welding of one or more parts 
in order to produce, which will be done locally. 
 
 
Manufacturing Issues  
 
The process of changing the cutting process for the steel plates from the CNC machine to the 
plasma cutter presented the first issue with the manufacturing process. While the preparation for 
cutting was much simpler, and required only a DXF file rather than completely programming 
each cut, it presented its own set of issues. The plasma cutter was known to have issues cutting 
parts to the correct dimensions, so the CAD model for each part had to be modified in order to 
account for this. 
 
The next manufacturing issues that arose occurred during the cutting of each part. In order to get 
the most accurate cut possible, the plasma cutter was required to start each cut at a point in the 
cut line, rather than having a lead in cut. This left each part with a small indent where the tool 
started cutting, which means that each indent will now have to be weld filled and ground back 
down smooth. This presents a problem as it will add more time to the process, as well as leave 
room for additional error. 
 
The second issue that arose during the cutting process was not discovered until all the parts had 
been cut. Possibly due to a bad tip or less than perfect settings, the plasma cutter did not cut 
perfectly vertical, but at a slight angle. Because of this, each part required additional sanding, 
grinding, and filing, which added a lot of unnecessary work to the process. 
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One additional issue that arose was that the pipe that was purchased ended up measuring an 
outside diameter of 1.32 in., which was larger than the expected diameter of 1.25 in, so the CAD 
file had to be modified to the new dimension before cutting. Because the grip that was ordered 
for the handle was sized for a 1.25 in pipe, it did not fit. Because no grips with an inner 
dimension of 1.32 inches exist, the handle was Plasti Dipped instead, which turned out to be an 
acceptable solution. 
 
Although the process of welding went better than expected, a few small problems arose, the 
biggest of which occurred while trying to weld the connecting bar assembly. The original weld 
path could not be followed, as it included spaces too small to fit the welder, but the weld path 
was modified, and turned out to be a better solution in the end. Secondly, the contact pad 
uprights warped slightly out of place during the welding process, which required the partial 
welds to be ground off and the process to be repeated using more secure clamps.  
13 
 
TESTING 
 
 
Introduction 
 
While this tool had many requirements, only some of them require testing. These include: 
 Must be able to horizontally align a five foot or longer section of the bottom chord of two 
stacked trusses that are offset by up to 1 inch 
 Must be able to be operated by a single person, with less than 100 lbs of input force (50% 
of average employee's body weight directed downward) 
 Must work with a truss consisting of a 2x6 bottom chord, and a 2x4 top chord, and a pitch 
of 6:12 
 Must be able to be used repeatedly without any parts permanently deforming 
 Must be able to handle rough usage and being stepped on with a force of 230 pounds 
without permanently deforming 
 
Test 1 
 
Test 1 will determine the actual input and output forces of the tool. The calculated output force is 
630 pounds, and the required input force is predicted to be 60 pounds. The results of this test will 
determine how the tool will work during normal use. The force required to align the set of test 
trusses 1 inch will first be tested, then the force required at the handle to move the same set of 
trusses will be tested. The cost of this test includes a crane scale, which can cost as low as $40, 
and a test truss can be expected to cost upwards of $50, giving this test a total cost of less than 
$100. 
 
Test 2 
 
Test 2 will test the maximum stress in the tool during normal usage, which will occur in the 
connecting bar. The predicted value is 53,880 psi, which is expected to occur in the middle of the 
part. This test will consist of the part being subjected to a 630 pound tensile force, and strain 
gauges will provide the necessary data. The cost of this test includes the $40 crane scale, and a 
winch, averaging $50, giving this test a total cost of less than $100. 
 
Test 3 
 
Test 3 will be testing the tool for rough usage. This will involve testing the weakest part of the 
tool for deflection in the event that it is stepped on while laying on an uneven surface. This test 
will determine the overall deflection of the part, as well as any permanent deformation that may 
occur. Using a 230 lb load, the maximum deflection of the connecting bar is predicted to be 
0.0124 inches, and no permanent deformation is expected. This test will use a 230 lb weight and 
a dial indicator to test for deflection. Given that the items used in this test were readily available 
at the school, this test does not require any personal money to be used. 
The entire testing schedule can be found on the Gantt chart in Appendix E. 
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Method/ Approach 
 
Test 1 
 
Testing the input and output forces requires a testing jig, crane scale, and the fully assembled 
tool. First, the scale will be attached to the top truss directly and used to pull the top truss 1 inch 
into position, which will give the initial value of the output force that the tool will be required to 
produce. Next, the tool will be placed on the set of trusses, as it would be during normal use, and 
the scale will be attached to the handle, in the position where a hand would go. The downward 
force will then be measured as the trusses are pulled into position by the tool. This will provide 
values for the input force and output force of the tool while aligning the set of trusses that are 
offset by 1 inch. 
The crane scale being used can measure with a precision of 0.1 pounds, but due to the fact that 
the trusses are only being lined up by eyesight, a precision of 1 pound will be used. This test will 
be repeated three times, and an average value will be used to determine the overall input and 
output forces of the tool. Because the strength of lumber varies from piece to piece, the output 
force required will likely not be exactly what was calculated. Because of this, the input and 
output forces can be used to find a force multiplication factor, which can then be compared to the 
calculated value. 
 
Test 2 
 
This test will provide a value for the maximum amount of stress that the tool will experience 
during normal use, which will occur in the connecting bar. This test will require the connecting 
bar, a crane scale, two stationary objects such as vehicles, a winch, and a set of strain gauges. 
First, the connecting bar will be connected to the first stationary object by a rope, with the crane 
scale in line with the setup. The other side of the connecting bar will be attached to the other 
stationary object via a winch. Strain gauges will be attached at the point where the tool is 
predicted to have the maximum stress. The winch will then be tightened until the scale reads 630 
pounds, and the value for the strain gauge will be read. The force will then be removed, and the 
gauges will be checked again to make sure that the tool did not permanently deform. This test 
will be repeated three times, and an average value will be used. 
 
 
Test 3 
 
Test 3 will test the overall deflection in the weakest part of the tool, the connecting bar, when it 
is being stepped on while lying on uneven ground. This test will require two steel blocks, the 
connecting bar, and a dial indicator. 
First, the connecting bar will placed flat on the two steel blocks, which will support either side. 
The dial indicator will be placed below the connecting bar, in the center point between the two 
support blocks. The connecting bar will then be subjected to a 230 pound load, and the deflection 
will be recorded. The dial indicator values will also be recorded before and after each test, to 
insure that no permanent deformation has occurred. Each test will be done three times, and an 
average value will be found. 
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Test Procedure 
 
Test 1 
 
In order to get good data, a time slot of two hours should be expected for this test, and it can be 
done in any open space, such as a driveway or shop. This test must also be done on an elevated 
surface, such as a table, to allow for sufficient space below the handle of the tool to hang and 
pull on the crane scale. This test was done using a set of sample truss sections on a table, but a 
set of full trusses can also be used if access is available. 
Procedure: 
1. If this test is done using only a truss section, secure the bottom truss to the table using 
nails or screws. If this test is being done on a set of full trusses, use a second person to 
help hold them in place. 
2. Measure a two foot section, and a five foot section of the top truss. Line up the trusses so 
that the two foot section is flush, and at the end of the five foot section the top truss 
should be offset by 1 inch backwards. 
3. Nail the two foot section of the top truss to the bottom one, using three rows of nails, 
offset by 4 inches. 
4. Attach the crane scale to the middle of the board at the five foot mark, by sandwiching 
the scale hook between the top truss and a small piece of wood so that it cannot move or 
slip off the screw. 
5. Making sure the bottom truss does not slip, pull on the crane scale perpendicular to the 
truss and parallel to the ground until the two trusses line up perfectly. This can either be 
done by hand, or using a winch, depending on the strength of the wood. 
6. Record this value, release the tension in the scale, and repeat two more times to find an 
average. Make sure that the truss moves back to its original position between trials. 
7. Next, remove the crane scale from the truss and apply the tool to the truss as it would be 
during normal use. 
8. Attach the crane scale two inches from the end of the handle using a piece of rope. 
9. Pull directly downward on the scale, and measure the force required to align the set of 
trusses. 
10. Return the truss to its original position, and repeat this process two more times in order to 
find an average for each value. 
The main safety concern here is potentially getting hurt while doing the first part of the test. 
Pulling the set of trusses into alignment with hundreds of pounds of force can be dangerous if the 
truss slips or the scale comes disconnected. 
If the output force required during the test is different than what was calculated, a force 
multiplier value can be used to compare the experimental data to the predicted values. For 
example, the input force is predicted to be 60 pounds, while the output force is predicted to be 
630 pounds. Dividing 60 lb by 630 lb gives a force multiplication factor of 10.5. 
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Test 2 
 
This test will require a large open space, with two stationary objects several feet apart from each 
other, and a timeslot of two hours should be set aside for this test. 
Procedure: 
1. Find two stationary objects that are several feet apart, such as pillars or two cars with 
their back ends pointed towards each other with nothing between the objects. 
2. Attach a strain gauge to one side of the connecting bar, at the corner of the shortest 
section of the connecting bar, which has a pin hole. 
3. On one object, attach a rope to a crane scale, and attach the scale to one of the pin holes 
of the connecting bar. 
4. Attach one side of a winch, such as a come-along, to the other object, and attach the other 
side of the winch to the open pin hole in the connecting bar. 
5. Tighten the winch so that there is no slack, but make sure there is no tension on the scale. 
6. Hold the connecting bar by hand so that there is no initial weight on the scale, and turn 
the scale on. 
7. Make sure to zero the strain gauge before any tension is applied 
8. Let go of the part, and use the winch to create 630 pounds of tension on the part.  
9. Measure the value recorded by the strain gauge while under tension 
10. Repeat the test two more times to find an average value. 
Remember to wear appropriate eye protection when doing this test, as the tension in the rope 
could cause something to break and go flying. 
Using a strain gauge will provide values in micro-strain, which can then be converted to stress by 
multiplying the strain by the modulus of elasticity. 
 
Test 3 
 
This test requires a small amount of space, and can be expected to take less than an hour. 
 
Procedure: 
1. Using two steel blocks of the same height (approximately 6 inches), place them next to 
each other with a gap in the middle. 
2. Lay the connecting bar on its side so that each end has 0.75 inches resting on each block. 
3. Mark the center of the connecting bar, and directly below it place a dial indicator pointing 
straight up. 
4. Adjust the dial indicator so that it is pre-loaded by the connecting bar, and set the dial to 
zero. 
5. Apply 230 pounds of force on the centerline of the connecting bar to simulate a person’s 
bodyweight, and measure the total deflection on the dial indicator. 
6. Remove the force and record the final position of the dial indicator, to ensure that no 
permanent deformation has occurred. 
7. Repeat this process two more times and find an average value. 
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Make sure that no body parts are underneath the device while it is loaded with weight, as the 
connecting bar could slip off the blocks and cause bodily harm. 
 
Deliverables 
 
Test 1 
 
The design requirements of this tool state that the input force must be less than 100 pounds in 
order to align a set of trusses that are offset by 1 inch. 
 
Experimental Data: 
 
  Trial 1 Trial 2 Trial 3 Average 
Input Force (lb) 22 23 20 22 
Output Force (lb) 240 244 230 238 
 
Summary: 
 
  Input Force (lb) Output Force (lb) Force Multiplication 
Calculated 60 630 10.5 
Experimental 22 238 10.8 
 
The biggest issue with this test is the obvious discrepancy between the calculated and 
experimental values of the input and output forces. The most logical explanation as to why this 
occurred is that the lumber used to construct the sample truss was a much lower grade than what 
is used in building real trusses. The calculated results were done using the material properties of 
high quality lumber, which caused the required output force to be much lower than expected. 
However, although the lumber was much weaker than expected, it is important to understand that 
what is really being tested is the functionality of the tool. In order to do this, a force 
multiplication factor was used, which shows the correlation between the input and output forces 
of the tool. The tool was expected to multiply the input force by 10.5, and the experimental data 
gave a value of 10.8 x multiplication, which gives an experimental error of only 2.8 %. This 
value is well within the standard tolerance of 5%, which means that the tool performed almost 
exactly as expected. The only thing that this test did not confirm was whether or not the tool will 
hold up under full loading conditions, but that will be confirmed by the other tests. 
 
Test 2 
 
The purpose of test 2 was to confirm that the connecting bar will not permanently deform during 
full loading, as would be seen during normal usage. The connecting bar was chosen for this test 
because it will be subjected to the highest stress concentrations, and is the weakest part of the 
tool. The connecting bar is made out of steel with a yield strength of 68,000 psi, and a design 
factor of 1.25. This means that the maximum stress in the tool cannot exceed 54,400 psi, and was 
calculated to be 53,880 psi. 
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Experimental Data: 
 
  Trial 1 Trial 2 Trial 3 Average 
Strain (με) 2195 2344 1893 2144 
Stress (psi) 65192 69617 56222 63677 
 
Summary: 
 
  Strain (με) Stress (psi) 
Calculated 1814 53880 
Experimental 2144 63677 
 
The experimental results of this test resulted in a much higher value of stress than what was 
expected. The stress at this point was calculated to be 53,880 psi, and the experimental results 
provided a value of 63,677 psi, resulting in a 15.3% error. However, given that the yield strength 
of this steel is 68,000 psi and there was no permanent deformation shows that the experimental 
value is most likely higher than the actual stress present in the part, which could have been 
caused by incorrect gauge placement. 
 
Test 3 
 
The final test consisted of testing the connecting bar for deflection in the event that it was 
stepped on while on an uneven surface. The design requirements states that the connecting bar, 
which is the weakest part of the tool, must be able to withstand rough daily usage, which 
includes the likely event that it is stepped on by a person of 230 pounds, which is above average. 
The maximum deflection in the part was calculated to be 0.0124 inches, which would result in a 
maximum stress of 46,160 psi. Using steel with a yield strength of 68,000 psi, and a design 
factor of 1.25 gives an allowable stress of 54,400 psi. The gauge was set to 0 inches initially, and 
a final reading of the gauge was taken to ensure that no permanent deflection had occurred. 
 
Experimental Data:  
 
  Trail 1 Trial 2 Trail 3 Average 
Deflection (in) 0.0115 0.0115 0.0110 0.0113 
Final Gauge Reading (in) 0.0001 0.0000 0.0002 0.0001 
 
The maximum deflection of the connecting bar was calculated to be 0.0124 inches, and the 
experimental data gave an average value of 0.0113 inches, resulting in a 8.8% error. This is 
slightly outside the 5% tolerance, but still acceptable as there was no permanent deformation. 
The average final gauge reading was only 0.0001 inches, which can be attributed to  errors 
associated with the gauge itself.  
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CONCLUSION  
 
  
The results from both the analysis and testing show that this tool will perform as intended 
and meet all of the design requirements, as well as proof that it will in fact meet the success 
criteria in performing its duty as intended, and saving the company money and time. This project 
has been given a strict schedule, which it has so far followed, so that the customer can be sure 
that the next stages of production will be finished on time. This project was also designed by a 
capable engineering student in his final year of obtaining a degree in Mechanical Engineering 
Technology, who made sure not to go outside his scope of knowledge when designing this tool, 
and sought peer or instructor help when faced with challenges, so the customer can be assured 
that the project will work as promised. This project is also being funded by the student, who 
works part time at a truss manufacturing plant. This give the customer the satisfaction of 
knowing that the engineering student designing this project both has experience in this field, and 
understanding of both the purpose that this tool will serve, as well as the most efficient way to 
design it in the given situation. This also eliminates the customers need to worry about the 
financial side of the project, as the student designing it has the full financial support of a large 
company, who also shares an interest in the success of the project. 
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Appendix A – Analyses 
 
Appendix A-1: Truss Analysis 
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Appendix A-2: Connecting Bar 
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Appendix A-3: Contact Pad 
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Appendix A-5: Handle 
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Appendix J: Resume 
 
JASON HEDIN 
1901 N. Walnut St. Apt. 57, Ellensburg, WA 98926 
(206) 948-6505 
jasonhedin@gmail.com 
 
EXPERIENCE______________________________________________________
__________ 
PHOENIX TRUSS CORP.                            Ellensburg, WA | July 
2014 - Present 
Lead Builder 
 Oversee the rapid production of housing trusses up to 80 feet in length 
 Follow strict engineered plans with a high degree of precision 
 Supervise up to fifteen employees in their daily tasks 
 Responsible for maintaining quality control on all products 
 Work with engineers and upper management to solve design problems 
 Responsible for general machine and building maintenance and inventory 
 
HTI POLYMER INC.                            Woodinville, WA | June 2012 
- July 2014 
Floor Installer 
 Installed wide varieties of epoxy flooring 
 Responsible for mixing epoxy resins with a high degree of precision 
 Managed warehouse and job site inventory 
 Worked closely with upper management of many multinational companies in order to 
meet their specific needs 
 
EDUCATION_______________________________________________________
__________ 
CENTRAL WASHINGTON UNIVERSITY                                    
Ellensburg, WA 
 BS in Mechanical Engineering Technology, June 2016 
 
SKILLS____________________________________________________________
_____ 
 Software Experience: SOLIDWORKS, AutoCAD, Microsoft Office,  
 Quick and efficient problem solving 
 Comfortable taking lead and confidently making decisions  
66 
 
References 
 
"Douglas Fir." Nov. 2003. Western Forest. Canada Wood. Web. 12 Oct. 1215. 
 
 
"Douglas-Fir." The Wood Database. Web. 30 Sept. 2015. 
 
 
Forest Products Laboratory. 1999. Wood Handbook-Wood as an Engineered Material. Gen. 
Tech. Rep. FPL-GTR-113.Madison, WI: U.S. Department of Agriculture, Forest Service, 
Forest Products Laboratory. 436 p. 
 
 
Hibbeler, R. C. Statics & Mechanics of Materials. Fourth ed. Upper Saddle River, NJ: Prentice 
Hall, 1997. Print. 
 
 
Mott, Robert L. Machine Elements in Mechanical Design. Fifth ed. Upper Saddle River, NJ: 
Pearson/Prentice Hall, 2004. Print. 
